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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This Invention relates to a microstructure to be 
prepared by means of micromechanical technologies 
and it also relates to a method of forming a microstrucu- 
ture by using a sacrificial layer. 

Related Background Art 

1^0021 In recent years, studies have been made to 
produce minute machines comprising small one or more 
than one mechanisms by means of micromechanical 
technologies. In particular, such a microstructure real- 
ized by applying technologies developed for forming 
semiconductor integrated circuits (semiconductor pho- 
tolithography process) can be used to produce a 
number of minute mechanical components on a com- 
mon substrate on a highly reproducible basis. Thus, 
minute components can be prepared for minute ma- 
chines at reduced cost and such minute components 
provide an enhanced responsiveness if compared with 
conventional mechanical structures. 
[0003] Three typical methods are popularly known for 
manufecturing a microstmcture on a substrate. Firstly, 
there is. a method for producing a microstructure such 
as a wobble micromotor of polysilicon film (M. Mehre- 
gany et al., "Operation of microfabricafed harmonic and 
ordinary side-drive motors", Proceedings IEEE Micro 
Electro Mechanical Systems Workshop, 1990, pp. 1-8) 
or a linear microactuator (P. Cheung et al., "Modeling 
and position-detection of a poiysiilcon linear microactu- 
ator", Micromechanical Sensors, Actuators and Sys- 
tems ASME 1991, DS C-Vol. 32, pp. 269-278), with 
which a sacrificial layer of silicon dioxide film and a thin 
silicon film of polysilicon, SOI (Si on Insulator) or SIMOX 
(Separation by ion implantation of oxygen) (8. Diem et 
al., "SOI (SIMOX) as a Substrate for Surface Microma- 
chining of Single Crystalline Silicon and Actuators", The 
7th International Conference on Solid-State Sensors 
and Actuators, transducers "93, June 7-10, 1993, pp. 
233-236) formed to produce a mterostructure are pat- 
terned to show a desired profile and subsequenUy the 
silicon dioxide film is used as a sacrificial layer and re- 
moved with an aqueous solution of fluorine. 
[0004] However, since this method involves the use 
of an aqueous solution of fluorine in order to etch out 
the silicon dioxide, a material that resists con-osbn by 
fluoric acid has to be selected for the microstmcture and 
hence such corrosive substances as aluminum cannot 
be used for the electrodes of the microstructure. Addi- 
tionally, the polysilicon of the microstructure has to be 
controlled for Its membrane stress in order to prevent it 
from warping. If an SOI substrate is used, the silicon di- 
oxide supporting the microstructure can be etched back 



to consequently reduce the microstructure to show a 
beam-shaped profile and make it difficult to electrically 
connect the substrate and the structure when the silicon 
dioxide lying under the bulk S! thin film is removed. 

« [0005] Secondly, there Is a known a method of fonn- 
ing a spatial light modulator comprising a mforomirrorof 
an aluminum (Al) tWn film (L. J. Hombeck, Japanese 
Patent Application Lald-Open No. 2-8812) by applying 
photoresist onto a substrate to fomi a sacrificial layer, 

10 forming thereon an Al thin film, patterning the Al film to 
a desired profile and thereafter removing the photoresist 
by dry etching using oxygen plasma to produce a micro- 
structure comprising an Al thin film. 
[0006] Wtth this technkiue, it is possible to fomi a 

IS microstructure on a sidastrate selected firom a variety of 
candidates because the sacrificial layer is made of pho- 
toresist, the use of which is not restricted by the surface 
coarseness of the substrate. Thus, the sacrificial layer 
can be rernoved by drying etching using the technology 

20 of reactive ion etching (RIE) and any possible sticking 
phenomenori that may appear between the microstruc- 
ture and the substrate if a wet etching technique is used 
to remove the sacrificial layer can be successfolly avoid- 
ed. However, the process of forming the aluminum thin 

25 film forthe structure has to be conducted at temperature 
that is low enough to prevent photoresist from being 
damaged by heat to impose rather rigorous restrictions 
on the selection of material for the microstructure. Ad- 
dltfonally, since the microstructure Is produced by 

30 means of a thin film forming technique such as vacuum 
deposition or sputtering, the membrane stress of the thin 
film has to be so controlled as to prevent the microstruc- 
ture from being warped by the membrane stress. 
[0007] Thirdly, there is known a method of forming the 

35 pattern of a microstructure on a bulk SI substrate, cou- 
pling part of the pattern to the glass substrate by anode 
coupling and etching the coupled Si substrate fi-om the 
rear surface in such a way that only the microstructure 
is left on the glass substrate. A linear actuator made of 

10 bulk Si thin film formed from an Si substrate (Y. Gian- 
chandani et al., "Micro-Size High Aspect Ratio Bulk Sil- 
icon Micromechanical Devices", Proceedings IEEE Mi- 
cro Electro Mechanical Systems Workshop, 1992, pp. 
208-21 3) and a cantilever for an AFM (Atomic Force Mi- 

45 croscope) made of silk»n nitride film (T. A. Albrecht et 
al.. United States Patent No. 5,221 ,41 S) can be pre- 
pared with this techraque. 

[0009] Since tNs mettiod does not involve the use of 
a sacrificial layer, a microstructure can be made of a ma- 

50 terial that may be corroded by fluoric acid. However, 
since it has to be coupled with glass by anode coupling, 
candklate materials are limited to electroconductlve sil- 
icon that can be easily oxidized, itnetals such as Si, Al, 
H and Ni and silicon nitride or oxide that can be anode- 

55 coupled only in the form of a thin film formed on a Si 
substrate. Additionally, since the process of anode cou- 
pling has to be conducted at temperature higher than 
300°C, the glass to be coupled with a microstructure is 
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required to show a thermal expansion coefficient sub- 
stantially equal to that of the Si substrate. Thus, glass 
that can be used with this method is limited to Pyrex 
glass (e.g., #7740 Corning: tradename). Additionally, 
since a void has to be formed in advance on the coupling 5 
surface, electrodes cannot be arranged on the micro- 
structure after the coupling operation. Moreover, since 
the substrate has to be made of glass containing mobile 
ions, circuits cannot be fbmied on the substrate to a high 
degree of integration. Finally, since the surface coarse- io 
ness of the glass and the electroconductive material has 
to be held to less than 50 nm (500 A) for coupling the 
glass and the electroconductive material by anode cou- 
pling, they cannot be coupled on stepped wires. 
[0009] Amethodofmanu^cturingamicroslructureis is 
disclosed in EP^-417523 which invokes laminating 
layers fonning a spacer, a hinge layer and beam layer 
on a substrate and then conducting patterning removal 
of these layers. When patterning the layer forming the 
spacer, only part of the spacer layer is removed, with 20 
the remaining portion acting as a support for a hinge lay- 
er and the beam layer. 

[0010] Another method of manufacturing a micro- 
structure is disclosed in EP-A-0534406. A microstruc- 
ture is prepared by patterning a supporting portion on 25 
the substrate followed by further patterning other sub- 
strates to form the microstaicture. 

SUMMARY OF THE INVENTION 

30 

[0O11] In view of the above Identified problems, it is 
therefore an object of the present invention to provide a 
microstructure: 

(1) that Is free from restrictions on the material of 35 
the microstructure and that of its substrate; and 

(2) allows electric connection between the micro- 
strudure having an electrode pattern and its sub- 
stiBte as well as a method for forming such a micro- 
structure. 40 

[0012] In accordance with an aspect of the present in- 
vention there is provided a method of manufacturing a 
microstructure comprising: 

45 

a first substrate; 

a beam member having a movable electrode pro- 
vided on the surface of said beam member closer 
to said first substrate; and 

supporting means arranged to support said beam so 
member over said first substrate so that said mov- 
able electrode is separated from said first substrate 
by an air space, said method comprising steps of: 

(a) fonning a stmcture fayer, for forming the 55 
beam member, on a second substrate; 

(b) fonning a movable electrode on said struc- 
ture layer; 



(c) forming a beam member from said structure 
layer by removing part of said structure layer; 

(d) forming an adhesive layer on a surface of 
said first substrate and/or said second sub- 
strate; 

(e) joining said first substrate and said movable 
electrode via said adhesive layer; 

(f) removing said second substrate; 

(g) removing the part of said adhesive layer not 
sandwiched between said movable electrode 
and said first substrate; 

(h) forming a supporting means, said support- 
ing means being attached to the surface of said 
first substrate and the surface of said movable . 
electrode further from said first sut>strate; arxi 

(i) removing the remaining part of said adhesive 
layer so that said movable electrode is separat- 
ed from the surface of said first substrate (10: 
30,34) by an air space (27;49). 

P)013] • It is acknowledged with reference to Article 54 
(3) EPC that prior European Patent Application EP-A- 
0665590 discloses a method of manufacturing a similar 
microstructure to that above except in that the movable 
electrode is instead provided at the upper surt'ace of the 
beam further from the substrate and the supporting 
means is attached to the beam member not only to the 
movable electrode itself. 

[0014] With the method of the present invention, the 
microstructure can be formed by a process to be con- 
ducted at relatively low temperature so that a substrate 
having a thermal expansion coefficient faigely differing 
from that of the material of the remainder of the micro- 
structure may be used. 

[0015] With the method of forming a microstructure 
according to the invention, the pattern of the stationary 
electrode and that of the structure layer may be formed, 
disregarding each other. 

10016] Further, since the movable electrode can befi- 
nally placed opposite to the substrate alter the formation 
of the structure layer, it is possible to form a beam of a 
flat structure layer regardless of steps that may be found 
on the pattern of the movable electrode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

mm 

Figs. 1A to 1F are schematic illustrations showing 
steps of forming a microstructure in a mode of car- 
rying out the mettiod according to the invention. 
Figs. 2G to 2K are schematic illustrations showing 
steps to be followed after those of Figs. 1 A to 1 F. 
Fig. 3 is a schematic perapedive view of an elec- 
trostatic actuator prepared by the method of forming 
a microstaicture according to the invention. 
Figs. 4Ato 40 are schematic illustrations showing 
steps of forming a microstmcture in another mode 
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of carrying out the method according to the inven- 
tion. 

Figs. 5H to 5L are schematic illustrations showing 
steps to be followed after those of Figs. 4A to 4G. 
Figs. 6M to 6P are schematic illustrations showing 
steps to be followed after those of Figs. 5H to 5L. 
Fig. 7 is a schematic perspective view of an elec- 
trostatic actuator prepared by the method of forming 
a microstructure according to the invention. 
Fig. 8 is an exptoded schematic view of the beam 
section of an electrostatic actuator prepared by the 
method of forming a microstructure according to the 
invention, illustrating the multilayer structure of the 
beam. 

Fig. 9 is a schematic sectional view of an electro- 
static actuator prepared by the method of forming a 
microstructure according to the invention, illustrat- 
ing the step of forming a silicon dioxide film for a 
structure layer on the second substrate with a sac- 
rificial layer for pattern transfer interposed therebe- 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[001 8] Now, the present invention will be described by 
referring to the accompanying drawings that illustrate 
preferred embodiments of the invention. 
[0019] A known appropriate method can be used for 
forming an adhesive layer For instance, a resin material 
may be diluted in an organic solvent and applied onto a 
substrate by means of a spinner, dipping or spraying 
technique to produce a resin film. With such an applica- 
tion technique, a flat resin film having a planar surface 
can be formed on the substrate, if it has a rough surface 
at the beginning, by which it is possible to join the sur- 
fece and that of the other substrate without depending 
on the roughness of the surface. When a resin film is 
formed on an Si substrate carrying thereon integrated 
circuits, photoresist containing little impurities such as 
sodium ions may preferably be used for the resin film. 
Another material that may preferably used for the resin 
film is mbber type photoresist containing rubber that is 
highly adhesive and mechanically strong. 
[0020] For the purpose of the present invention, mb- 
ber as described in "MIcromachlnIng and Resist" (Sabu- 
ro Nonogaki, ed. Japan Polymer Societyi Kyoritu Pub- 
lishing Co., Ltd., 1990, 1 . 3, p. 11) may preferably used 
for rubber type resist. High resolution negative type pho- 
toresist available from Tokyo Ohka Kogyo Co., Ltd and 
containing rubber such as OMR-83 may also preferably 
be used for the purpose of the invention. 
[0021] A substrate can7ing thereon the pattern of a 
structure fonned by a combirtation of a semiconductor 
photolithography process and an etching process, a 
substrate carrying thereon a stmcture layer of thin film 
formed on a second substrate or a second substrate car- 
rying thereon a structure layer with a sacrificial layer for 



pattern transfer iriterposed therebetween may suitably 
be used for the second substrate with a structure layer 
fonned thereon. 

[0022] If a substrate carrying thereon the pattern of a , 

5 structure formed by a combination of a semiconductor 
photolithography process and an etching process or a 
substrate canying thereon a structure layer of thin film 
fonned on a second substrate is selected, the substrate 
is thinned fi-om the rear side until the structure layer is 

10 left there in the step of removing the second substrate 
by means of wet etching using an etching solution suit- 
ably selected for the substrate, dry etching using reacr 
tive gas or a technique of lapping the substrate with pol- 
ishing granules. For instance, if the second substrate is 

f 5 made of Si, an alkaline aqueous solution such as a po- 
tassium hydroxide solution (KOH) or a tetramethyl am- 
monium hydroxide solution or an aqueous solution of a 
mixture of fluoric acid and nitric acid may preferably be 
used for the etching solution and a plasma gas contain- 

20 ing CF4, SFg or NF3 may preferably be used for the re- 
active gas. If an Si wafer having a pn junction is used 
for the structure, which is of the n-type, and the second 
substrate, which is of the p-type, only the structure of 
ttie rv-type can be left unaffected by applying a voltage 

25 to the structure layer in an etching operation using an 
alkaline aqueous solution (B. Kloeck, et al., "Study of 
Electrochemical Etch-Stop for High-Precision Thick- 
ness Control of Silicon Membranes" IEEE TRANSAC- 
TIONS ON ELECTRON DEVICES, VOL. 36, NO. 4, pp. 

30 663-669. 1 989). If an Si bulk on which the pattern of a 
structure is formed by etching is used for the second 
substrate, the produced microstructure will be free from 
warping so that the problem of warping given rise to by 
the membrane stress in the process of forming a micro- 

35 structure by forming a thin film on a sacrificial layer can 
be effectively eliminated. 

[0023] For a second substrate carrying thereon a 
structure layer with a sacrificial layer for pattern transfer 
interposed therebetween, a substrate prepared by using 

40 a glass substrate for the second substrate, fonning a 
metal thin film as a sacrificial layer for pattern transfer 
and thereafter applying a voltage to the metal thin film 
and the glass substrate to produce a junctioned body 
coupled by anode coupling, a substrate having a sacri- 

45 ficial layer for pattern transfer of silicon dioxide and an 
intermediary layer of an SOI or SIMOX substrate cany- 
ing thereon a structure layer of silicon film or a junc- 
tioned body realized by forming a sacrificial layer for pat- 
tern transfer and a structure layer of thin film on the sec- 

50 ond substrate may appropriately be used. For the sac- 
_ rifidal layer for pattern transfer, a material that can be 
removed by an etdiantthat, however, does not corrode 
at least the adhesive layer and the structure layer may 
suitably be selected. A thin film deposition technique 

55 such as vapor deposition or CVD (chemical vapor dep- 
osition) may suitably be used for forming a thin film. If 
the tectinique of anode coupling is used, the second 
substrate may be a glass substrate containing mobile 
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ion of an alkali metal (e.g. sodium) whereas the metal 
film may be made of a metal good for anode coupling 
such as Si, Al, Ti or Ni or an alloy containing any of such 
metals. If such a metal film is to be formed on the struc- 
ture layer, a material selected from various different sub- 
stances including insulators, semiconductors and met- 
als may be bonded onto a glass substrate by anode cou- 
pling. 

[0024] If the microstructure has a thickness less than 
tens of several urn (micrometers), it provides a handling 
problem when junctioning the microstructure onto the 
second substrate. If such is the case, the structure layer 
has to be thinned to reduce its thickness after junction- 
ing it to the second substrate. AHematively, a substrate 
on which a structure layer is formed in advance may be 
used so that the stnicture layer may be left when the 
substrate Is removed by some means. For reducing the 
thfckness of or totally removing the substrate, a tech- 
nique is selected from wet etching using an etching so- 
lution suited forthe substrate, dry etching using reactive 
gas, lapping using grinding granutes and polishing and 
tha substrate is thinned from the rear side so that the 
structure layer having a desired thickness may be Junc- 
tioned onto the substrate. If a bulk substrate of Si or 
GaAs is used, a mferostructure produced as a final prod- 
uct of the thinned bulk is free from warping so that the 
problem of warping given rise to by the membrane 
stress in the process of forming a mforostructure by 
forming a thin film on a sacrifidal layer can be effectively 
eliminated. Additionally, the thickness of the junctfoned 
layers can be appropriately regulated asthey are made 
very thin. 

[0025] In the step of forming an electrode section on 
the microstructure, it is produced eitherby forming a thin 
film of eleotroconductive body by vacuum deposition on 
the structure layer that has been formed on the second 
substrate and subsequently forming its pattern on tiie 
thin film of electroconductive body by semiconductor 
photolithography or by an-anging a structure layer that 
carries thereon an electroconductive layer on the sec- 
ond substrate and subsequently forming its pattern on 
the electroconductive layer. The electroconductive layer 
may be a p* layer formed on an Si substrate. 
[0026] In the step of joining the first substrate and the 
structure layer and electrode section, the first substrate 
is pressed against the second substrate from the rear 
side and then the organic solvent coptained in the resin 
film of the adhesive layer is made to evaporate by heat- 
ing the layer until the resin is heat set and consequently 
the force binding the substrates is increased. If the first 
and second substrates are electroconductive, they may 
be joined together by applying a voltage to each of them 
to generate electrostatic force there, which force is then 
utilized to press them against each other. When this Join- 
ing step is over, the electrode section is located between 
the adhesive layer and structure layer. 
[0027] The vapour of the organic solvent generated 
during the heat treatment of the adhesive layer can be 



made to escape to the ambient air by forming a groove 
on the first substrate and/or the structure layer. Any 
stepped portions of the pattern of the structure layer 
formed by semiconductor photolithography may be uti- 

5 lized for such grooves. 

|P028] The operation of heat setting the resin film of 
the adhesive layer may be conduced at relatively low 
temperature to avoid damaging the first and second 
substrate because of the difference of their thermal ex- 

10 pansion coefficients so that the first substrate may be 
selected appropriately without considering the differ- 
ence. 

[0029] In the step of removing the second substrate, 
the second substrate and the structure layer are sepa- 

is rated from each other without separating the adhesive 
layer on the first sub^te and the structure layer if the 
second substrate carries thereon a sacrificial layer for 
pattern transfer and the latter is removed. In other 
words, the structure on the second substrate is trans- 

20 fen-ed onto the adhesive layer of the first substrate as a 
result of this step. 

[0030] The support layer is designed to mechank»lly 
connect the first substrate and the structure layer and/ 
or electrode section and suspend the transfen'ed struc- 

25 ture layer and/or electrode section from above as it is 
fomied before removing the adhesive layer. If a metal 
th'm film (e.g., aluminum) is used for the support layer^ 
the structure layer and/or electrode section and the first 
substrate will also be connected electrically. 

30 p)031] In the step of removing the adhesive layer of 
resin film, it is eliminated by wet etching, with which the 
resin film is dipped into a solution that dissolves the film, 
or by drying etching, with which the layer is ashed by 
oxygen plasma. Dry etching is advantageous in that it 

35 can avoid the problem of sticking that arises when the 
sacrificial layer is removed by wet etching. 
[0032] A microstructure produced through the above 
steps comprises a first substrate, a support section or a 
support layer and a beam comprising a structure layer 

40 and an electrode, of which the beam is supported by the 
support section from the upper surface of the beam 
through a void between the beam and the substrate, the 
electrode being disposed on the lower surfece of the 
beam. Then, a fixed electrode and a stationary (drive) 

45 electrode are an-ariged on the first substrate and the 
structure layer is processed by patterning to produce a 
cantilever type or torsion beam type beam so that the 
electrode on the beam may become movable. With such 
an arrangement, the movable electrode and the fixed 

50 electrode are electrically connected by the support sec- 
tion and, at the same time, the beam and the movable 
electrode are mechanically supported by it from the up- 
per surface of the beam to produce an electrostatic ac- 
tuator where the position of the beam can be changed 

55 by applying a drive voltage to the drive electrode and 
the movabfe electrode. A microstructure manufactured 
by the method of the present invention may be an elec- 
trostatic actuator, a cantilever to be used for a micro- 
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scope system such as an AFM or an STM (scanning 
tunneling microscope) for a detecting tunneling current, 
van derWaals force, magnetic force, electrostatic force 
or the like or a wiring system having an air bridge struc- 
ture. In the case of an electrostatic actuator having the 
above described configuraiton, since the movable elec- 
trode is provided at the lower surface of the beam below 
the structure layer part of the beam, the distance sepa- 
rating the movable electrode and the statbnary elec- 
trode is reduced by the thickness of the structure layer 
as compared with a movable electrode arranged on the 
upper surface of the structure layer and, therefore, a rel- 
atively low drive voltage may be used to displace the 
beam. If the structure layer part of the beam Is made as 
ttiin as the movable electrode, the risk of warping of the 
beam that may appear due to the Internal stress can be 
eliminated by arranging another electrode on the upper 
surface of the structure layer to produce a symmetrical 
structure. 

[0033] According to the method just mentioned, the 
structure layer formed on the second substrate and 
electrode section formed on the stmcture layer and the 
first substrate are joined together with the adhesive lay- 
er of resin film formed on both or either of the first and 
second substrates and, thereafter, the second substrate 
is removed. The use of resin film for the adhesive layer 
allows the materials of the first substrate, the second 
substrate and the structure layer fomied on the second 
substrate to be selected from a wide range of candidates 
and also the movable electrode to be formed on the 
stmcture layer before removing the resin film. Addition- 
ally, the adhesive layer can be removed by means of a 
soh«nt, ashing or heating if it is made of resin film so 
that the electrode section does not need to be subjected 
to an etching operation. Finally, the problem of sticking 
that arises when the sacrificial layer is removed by wet 
etching can be effectively avoided by dry etching the ad- 
hesive layer of resin film. 

[Examples] 

[0034] Now, the method of fonning a microstructure 
according to the invention and a microstructure pre- 
pared by such a method will be described by way of ex- 
amples, referring to Figs. 1 Athrough 9 of the accompa- 
nying drawings. 

Example 1 

[0035] Figs. 1 A to 2K illustrate different steps of form- 
ing a microstructure in a mode of canymg out the meth- 
od according to the invention and Fig. 3 is a schematic 
perspective view of a microstructure prepared by this 
method. Referring to Fig. 3, the microstrurture shown 
comprises a first substrate 1 0 which is a glass substrate, 
a stationary (drive) electrode 15 and a fixed electrode 
16 of thin film formed on the glass substrate 10, a mov- 
able electrode 1 7 of a p+ Si layer provided with a torsion 



bar 11 and held on the upper surface of the torsion bar 
11 by a pair of support members 13, 13' with a void in- 
terposed between itself and the substrate and a lever 
1 2of a patterned Si structure layer arranged on the mov- 

5 able electrode 1 7. The movable electrode and the lever 
constitute a beam 1. The support members 13, 1 3' are 
made of an electrocondudive material such as alumi- 
num to electrically connect the movable electrode 17 
and the fixed electrode 16. The illustrated microstruc- 

10 lure is an electrostatic actuator having a beam that can 
be displaced by applying a voltage to the drive electrode 
15 and the fixed electrode 16, which is electrically con- 
neded to the movable electrode 1 7 provided at the low- 
er surface of the beam. With such an arrangement, the 

IS movable electrode 17 is suspended by the support 
members 13, 13' from the upper surface of the torsion 
bar 11 with a void interposed between the electrode and 
the glass substrate, the support members 13, 13' me- 
chanically and electrically connecting the beam and the 

20 glass substrate 1 0 and fixed electrode 1 6 by means of 
an air bridge stmcture. The torsion bar 11 is twisted to 
rotate and displace the lever toward the substrate as a 
voltage is applied to the drive electrode 1 5 and the mov- 
able electrode 17. Since the lever has a thickness great- 

25 er than that of the torsion bar, it is not bent If a voltage 
is applied to the electrodes. 

[0036] Since the movable electrode of the beam of the 
electrostatic actuator having the above described con- 
figuration is disposed on the lower surfeice of the lever, 

30 the distance separating the movable electrode and the 
drive electrode is reduced by the thickness of the lever 
if compared with the case where the movable electrode 
is arranged on the upper surface of the beam and hence 
a relatively low drive voltage may be used to displace 

35 the beam. 

[0037] In this example, a mlcrostmcture having a con- 
figuration as shown in Fig. 3 was formed through the 
steps of Figs. lAto 2K, illustrating the microstructure in 
cross section in different manufacturing steps. A p-type 

40 Si substrate 22 carrying thereon an n-type diffusion lay- 
er (80 n-cm, thickness: 3 nm) for a structure layer 23 
was used for the second substrate and boron ions were 
injected into the diffusion layer to form a p* layer 24 (1 20 
Q/square, thickness: 0.5nm)(Fig. 1A). Photoresist was 

^ applied to the substrate and subjected to a patterning 
operation using a photolithography process, where the 
applied photoresist was exposed to light and photo- 
chemically developed. Then, the p* layer 24 was etched 
by using the mask of the photoresist pattern and CF4 

50 gas in a reactive ion etching (RIE) process to produce 
a movable electrode 17. Subsequently, the photoresist 
was stripped off in a resist stripping solution to produce 
a second substrate carrying thereon a movable elec- 
trode (Fig. IB). In other words, the movable electrode 

55 was part of a stmcture layer. 

[0038] A glass substrate 10 (#7059 Corning: trade- 
name) carrying thereon a drive electrode 1 5 and a fixed 
electrode 1 6 was used for the first substrate. The glass 
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substrate 1 0 has a thermal expansion coefficient greater 
than that of Si by about 1.4 times. IWore specifically, a 
Cr film and an Au film were successively formed on the 
glass substrate 10 by electron beam vapour deposition 
to thicknesses of 5nm and 200nm respectively and a 
photoresist layer was subjected to a patterning opera- 
tion in a photolithography process. The obtained mask 
of photoresist was used to produce the drive electrode 
1 5 and the fixed electrode 1 6 having profiles conforming 
to the pattern of photoresist as shown in Fig. 3 by etching 
that used an Au etchant consisting of an aqueous solu- 
tion of iodine and potassium iodide and a Cr etchant 
consisting of an aqueous solution of cerium ammonium 
nitrate and perchloric acid. Subsequently, a solution pre- 
pared by dissolving methyl polymethacrylate (PMMA) 
into methyl ethyl ketone (IVIEK) was applied to the glass 
substrate 10 with a spinner and preliminarily heated at 
50°C for ten minutes to produce an adhesive layer 26 
made of PMMA and having a thickness of 2.5 \im (Fig. 
1C). Care should be needed to accurately control the 
amount of the solvent In the solution dissolving the resin 
to be applied because bubbles of vapour of the solvent 
might be trapped between the adhesive layer and the 
structure layer on the second substrate during the heat- 
ing process. The preliminary heating operation was con- 
ducted at temperature sufficiently low to prevent the ad- 
hesive from being heat set, paying attention to eliminate 
any bubblesof the evaporated solvent remaining on the 
Interface by accurately controlling the solvent contained 
in the resin film. When PMMA was used, the generation 
of bubbles could be completely suppressed by prelimi- 
narily heating the adhesive at 50=0 for 10 minutes. 
[0039] Then, the second substrate as shown in Fig. 
1 B and the first substrate canying thereon an adhesive 
layer 26 as shown in Fig. 1C were pressed again each 
other from the rear sides. While the movable electrode 
1 7 was burled In the adhesive layer 26 In this example, 
it may be kept unburied by controlling the pressure ap- 
plied to the substrate when they are bonded together. 
After bonding the first substrate and the structure layer 
on the second substrate together with the adhesive lay- 
er disposed therebetween, the adhesive layer'was heat 
setat150°C. 

[0040] Subsequently, the bonded substrates of Fig. 
ID was subjected to electrolytic etching at 80°C in a 
30wt% KOH solution by applying a positive voltage of 
3V to the diffusion layer relative to the natural electrode 
potential to remove the p-type Si substrate of the second 
substrate (Fig. IE). Note that the structure layer 23 of 
an n-type diffusion layer was not etched by the electro- 
lytic etching. Thereafter, a pattern was formed on the 
staicture layer 24 in a photolithography process, where 
photoresist was applied to the structure layer 24, ex- 
posed to light and photochemicaily developed for the 
pattern (Fig. IF) and then the structure layer 23 was 
subjected to reactive ion etching (RiE), using the mask 
of photoresist 101 and CF4 gasto produce a lever pat- 
tern 25 of the n-type Si diffusion layer. Then, the pho- 



toresist pattern 101 was rernoved and, simultaneously, 
the adhesive layer was etched to the pattern of the lever 
and the torsion bar by oxygen gas (Fig. 2G). 
[0041] Thereafter, an Al film 27 was formed on the le- 
5 ver and the movable electrode to a thickness of 1 Jim 
for the support members by means of sputtering, a type 
of vacuum deposition, using an Al taiget (Fig. 2H). Then, 
photoresist 1 02 was applied on the Al film, exposed to 
light and photochemicaily developed (Fig. 21) and the Al 

10 film 27 was subjected to a patterning operation, using 
an Al etchant consisting of phosphoric acid, nitric acid 
and acetic acid to produce the pattern of the support 
member 13' on the torsion bar 11 (Fig. 2J). Finally, the 
photoresist 102 and the PMMA of the resin film under 

IS the movable electrode were etched out to produce a 
void 29 by oxygen plasma. Thus, an electrostatic actu- 
ator having a profile as shown in Fig. 3 was produced, 
the electrostatic actuator having a torsion bar type beam 
of bulk (crystalline) Si provided with a void 29 and sup- 

20 ported by the Al film as shown in Fig. 2K. The electrodes 
of the electrostatic actuator were not etched out by ox- 
ygen plasma and the problem of sticking that may arise 
when the sacrificial layer is removed by wet etching was 
successfully avoided. 

25 [0042] In the method just described, since the micro- 
structure comprising the movable electrode and the le- 
ver was formed from a bulk (crystalline) Si substrate, the 
torsion bar type beam formed was fi-ee from internal 
stress and virarping and was successfully prepared, The 

30 free end of the beam was displaced as the torsion bar 
was twisted to rotate when a voltage was applied to the 
movable electrode and the drive electrode. 
[0043] Because resin film was used for the adhesive 
layer, the first substrate and the staicture layer on the 

35 second substrate could be bonded together at temper- ' 
ature as low as 150°C and materials having different 
thermal expansion coefficients could be selected for the 
substrates. As described eariier, for the purpose of the 
invention, the resin film plays the role of an adhesive for 

40 bonding the first substrate and the structure layer on the 
second substrate and, at the same time, that of a sacri- 
ficial layer for forming a microstructure. 
[0044] By applying resin film on the first substrate, it 
was made possible to smooth out the surfece of the sub- 

45 strate that had been undulated by the components ar- 
ranged there including the drive electrode and the mov- 
able electrode in order to produce a smooth bonding 
surface and achieve a good bonding effect for the sub- 
strates. While the adhesive layer was formed on the first 

50 substrate, which was then bonded with the structure lay- 
er on the second substrate in the above example, the 
adhesive layer may altematwely be arranged on the 
structure layer on the second substrate or an adhesive 
layer may be formed on both the first substrate and the 

55 structure layer on the second substrate to produce a 
beam. 

[0045] As described above, the movable electrode is 
fonned with a p* layer and then the pattern of a lever is 
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formed on the back side of the structure layer as viewed 
from the movable electrode. With this arrangement, they 
may be made to show respective profiles that are not 
affected by each other. 

p)046] While an Al thin film was formed for the support 
members in the above example, it may be appreciated 
that an electrically insulated microstructure can be 
formed on the substrate by the same process if the Al 
thin film Is replaced by a sacrificial layer of resin film 
formed by vacuum deposition and an insulating film 
such as silicon dioxide film formed at temperature that 
does not damage the adhesive layer. Similarly, while a 
glass substrate was used for the first substrate in the 
above example, it may be replaced by a substrate of an 
insulating material such as quartz, AI2O3, MgO or ZrOj, 
a semiconductor such as Si, GaAs or InP or a metal, 
using ttie same process. 

Example 2 

|»0471 Rgs. 4A to 6P illustrate dHTerent steps of form- 
ing a microstmcture in another mode of canying out the 
method according to the inventbn and IHg. 7 is a sche- 
matic perspective view of a microstructure prepared by 
the method. Fig. 8 is an exploded view of the beam sec- 
tion of the microstructure, illustrating the multilayer 
structure of the beam, which beam 2 comprises a lever 
32, a movable electrode 37 and a dummy electrode 39. 
As seen from Figs. 7 and 8, the microstructure comprisr 
es a first substrate 30 which is an Si substrate, an insu- 
lation layer 34 of silicon dioxide film, a drive electrode 
35 fomied on the insulation layer 34 and a pair of fixed 
electrodes 38, 38' of thin film formed also on the insula- 
tion layer 34. The lever 32 is a cantilever of patterned 
silicon dioxide film and held at the upper surges thereof 
by a pair of support members 33, 33' of an electrocon- 
ductive material with a void interposed therebetween. A 
■movable electrode 37 and a dummy electrode 39 are 
arranged respectively on the lower surface and on the 
upper surface of the lever 32 The support member 33 
electrically connects the dummy electrode 39 and the 
fixed electrode 38. The support member 33' electrically 
connects the movable electrode 37 and the fixed elec- 
trode 38' by way of a contact hole 36 formed in the lever 
32 by means of a contact 31 . The microstmcture having 
a configuration as described above operates as a can- 
tilever type electrostatic actuator that can be bent and 
deformed by applying a voltage to the drive electrode 
35 and the fixed electrode 38' connected to.the movable 
electrode 37 disposed on the lower surface of the lever 
32 by way of the support member 33'. 
[0048] In the electrostatic actuatdr, the beam 2 is sus- 
pended by the support members 33. 33' at the upper 
surfece thereof with a void interposed therebetween and 
the support members 33, 33' mechanically and electri- 
cally connect the beam 32 onto the insulation layer 34 
and the fixed electrodes 38, 38' to produce an air bridge 
structure. The beam is bent and deformed to displace 



the free end of the beam toward the substrate when a 
voltage is applied to the drive electrode 35 and the fixed 

electrode 38'. 

[0049] With a n electrostatic actuator having a conflg- 

5 uration as described above, the distance between the 
movable electrode and the drive electrode can be re- 
duced by the thickness of the beam if compared with a 
case where the movable electrode Is an^nged on the 
upper surfoce because the movable electrode is provid- 

10 ed at tile lower surface of the beam so that the voltage 
required to be applied to the electrodes in order to dis- 
place the beam can also be reduced. Additionally, the 
dummy electrode arranged on the upper surface of the 
lever 32 eflectiveiy prevents the microstructure firom be- 

is ing bent by the internal stress found within the lever 32 
and the thin movable electrode 37 because of the ver- 
tically symmetrical arrangement ofthe dummy electrode 
and the movable electrode relative to the lever. In short, 
the dummy electrode operates to cancel any possible 

20 bend on the part ofthe lever. 

[0050] In an experiment, a microstructure as shown 
in Figs. 4A to 7 was prepared. Figs. 4A to BP illustrate 
the microstructure in cross sedion taken along line 6P- 
6P of Fig. 7 in different manufecturing steps. 

25 [0051] In order to form a second substrate provided 
with a structure layer, an Si substrate 40 was thermally 
oxidized by using an oxidizing gas (a mixture gas of ox- 
ygen and hydrogen) to form a structure iayar 43 of sili- 
con dbxide having a thfckriess of 1 jim and then a sac- 

30 rifidal layer for pattern transfer 41 of Al film was formed 
by electron beam vapour deposition, which is a tech- 
nique to form a thin film by deposition, to a thickness of 
200nm (Fig. 4A) before the second substrate 42 of a 
glass substrate (#7740 Corning: tradename) and the 

35 sacrificial layer for pattern transfer 41 were bonded to- 
gether by anode coupling (Fig. 4B). 
[0052] The process of anode coupling will now be de- 
scribed by refen-ing to Fig. 9. In Fig. 9, reference numer- 
al 63 denotes a power source for applying a voltage to 

40 the sacrificial layer for pattern transfer (Al film) formed 
on the Si substrate 40 having a structure layer 43 of sil- 
icon dioxide film and the second substrate 42 of glass 
substrate, said power source being connected to needle 
electrodes 61 and 65 by way of lead wires 62 and 64 

45 respectively. Reference numeral 60 denotes a platen 
provided with a heater. The second substrate 42 was 
placed on the sacrificial layer for pattern transfer (Al film) 
41 and a voltage of 500V was applied for 20 minutes 
from the power source 63 to the second substrate and 
50 the sacrificial layer for pattern transfer to bind them to- 
gether, while maintaining tfie temperature of the platen 
to300°C. 

[0053] Thereafter, the Si substrate 40 was removed 
by etching in a KOH 30wt% aqueous solution heated to 
55 1 00°C to produce the second substrate canying thereon 
the structure layer 43 and the sacrificial layer for pattern 
transfer (Fig. 4C). The staicture layer of silicon dioxkie 
film was not etched by wet etching using the alkaline 
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aqueous solution because it is resistant against all<aline 
wet etching. 

[0054] Subsequently, an electroconductive thin film 
201 was formed on the structure layer 43 for the mova- 
ble electrode. This was done by successively forming a 
Cr film and an Au film to respective thicknesses of 5nm 
and 4CX)nm by electron beam vapor deposition, pattern- 
ing a photoresist layer 103 in a photoHthography proc- 
ess (Fig. 4D) and then patterning the Cr and Au layers 
for the movable electrode respectively by means of an 
Au etchant, which was an aqueous solution of iodine 
and potassium iodide, and a Cr etchant, which was an 
aqueous solution of cerium ammonium nitrate and per- 
chloric acid to make them show the profile of the mov- 
able electrode as shown in Fig. 8, using the mask of pho- 
toresist 103. The photoresist 1 03 was then removed by 
means of a resist stripping solution. Additionally, pho- 
toresist was applied anew to the structure layer 43 and 
then patterried to the profile of a lever without a contact 
hole by photolithography and then the structure layer 43 
was subjected to a reactive ion etching (RIE) operatton 
to produce the pattern of the lever 43 without a contact 
hole by using the mask of photoresist and CF4 gas. The 
photoresist was then stripped off by means of a resist 
stripping solution (Fig. 4E). 

[0055] An Si substrate 30 carrying thereon an insula- 
tion layer 34, a drive electrode 35 and a pair of fixed 
electrodes 38, 38' (not shown) was used for the first sub- 
strate. The insulation layer 34 is a silicon dk>xide film 
formed by thermally oxidizing part of the Si substrate 30 
to a thickness 1 ^m by means of oxidizing gas. The drive 
electrode 35 and the fixed electrodes 38, 38" were pre- 
pared by forming electroconductive layers of an Crfilm 
(5nm) and an Au film (1 OOnm) and patterning them ap- 
propriately as in the case of preparing the movable elec- 
trode 37. Then, an adhesive layer 46 was formed on the 
first substrate by applying resin with a spinner. The resin 
was a rubber type resist OMR-83 (tradename) available 
from Tokyo Ohka Co., Ltd. (Fig, 4F). 
[0056] After forming the adhesive layer 46, the sec- 
ond substrate of Fig. 4E and the first substrate of Fig. 
4F were pressed against each other from the rear sides 
thereof and heat treated at 150°C to heat set the resin 
of the adhesive layer and rigidly bind the substrates to- 
gether as shown in Fig. 4G. The adhesive layer showed 
a thickness of 2nm after the heat setting operation. 
[0057] Thereafter, the sacrificial layer for pattern 
transfer 41 was removed by an Al etchant containing 
phosphoric acid nitric acid and acetic acid and heated 
to 80°C to release the second substrate. As a result, the 
structure layer that had been patterned to show a beam- 
like profile and the movable electrode were transfenred 
onto the adhesive layer of the first substrate. . 
[0058] Subsequently, a dummy electrode 39 was pre- 
pared by forming a metal layer 202 of a Cr film (5nm) 
and an Au film (1 OOnm), applying photoresist 1 04 there- 
to, patterning them appropriately in a photolithography 
process as in the case of preparing the drive electrode 



35 and the fKed electrodes 38, 38- (Fig. 51) and then 
etching the metal layer 202, using the mask of the pho- 
toresist 104 and Au and Cr etchant. Thereafter, the 
structure layer having the pattern of a lever was used 
5 as a mask in an operation of patterning the resin adhe- 
sive layer to produce there a pattern same as that of the 
lever pattern by RIE using oxygen gas. 
[P0S9] Then, photoresist 105 yras applied to the struc- 
ture layer having the lever pattern and subjected to a 

10 patterning operation in a photolithography process (Fig. 
5K) and the patterned photoresist 105 was used as a 
mask to etch the structure layer by reactive ton etching 
(RIE) using CF4 gas and produce a contact hole 36 (Fig. 
§L). Thereafter, the photoresist 1 05 was removed by re- 
's active ion etching (RIE) using oxygen gas. Then, an Al 
film 42 was formed to a thfckness of 2 m for a support 
layer on the lever 32 of silicon dioxide prepared in a 
manner as described above and the movable electrode 
37 under the contact hole 36 as well as on the dummy 

20 electrode 39 (Fig. 6M). Photoresist 106 was formed on 
the Al film and patterned in a photolithography process 
(Fig. 6N). Subsequently, the Al film 47 was patterned by 
means of an Al etchant containing phosphoricacid, nitric 
acid and acetic acid and heated to SO^C to produce sup- 

25 port members 33, 33' (Fig. 60, where the support mem- 
ber 33 is not shown). With the above arrangement, the 
support member 33' electrically connected the movable 
electrode 37 and the fixed electrode 38' (not shown) by 
way of the contact hole, while the support member 33 

■30 electrfcally connected the dummy electrode 39 and the 
fixed electrode 38 (not shown). 
[0060] Finally, the photoresist 106 and the adhesive 
layer of resin under the movable electrode were etched 
out by oxygen plasma to produce a void 49 (Fig. 6P). 

35 Thus, a microstructure that had a configuration as 
shown in Fig. 7 and comprised a 1 |im thick cantilever 
type beam 2 of silicon dioxide film canrying electrodes 
on the upper and lower surfeces and mechanically held 
by an Al film was produced with a voW provWed between 

40 the cantilever and the substrate. With the above meth- 
od, the beam, the support members and the electrodes 
were left intact during the etching operation using oxy- 
gen plasma and the problem of sticking that may arise 
when the sacrificial layer is removed by wet etching was 

45 successfijily avoided. 

[0061] With the above method again, the movable 
electrode could be provided at the lower surface of the 
beam and electrically connected with a fixed electrode 
formed on the first substrate via a support member. 

50 When a voltage of 20V was applied to the movable elec- 
trode and the drive electrode of the electrostatic actuator 
having a 100 (im long cantilever, the free end of the 
beam was displaced toward the first substrate by about 
0.5 jun with the bending motion of the cantilever. 

55 [0062] The dummy electrode arranged on the upper 
surface of the beam effectively canceled any possible 
bent of the beam that could be produced by the internal 
stress of the movable electrode 37 under the lever 32. 
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For the purpose of comparison, a cantilever type beam 
of silicon dioxide film that did not carry any movable 
electrode and dummy electrode was prepared to find out 
that no bending was obsen^ble on the part of the beam. 
While it is very difficult to eliminate the intrinsic stress 5 
generated in a tNn siHcon dioxide film during the process 
of preparing it by vacuum deposition, a silicon dioxide 
film produced by oxidizing bulk Si is amorphous and ho- 
mogeneous and therefore it is not bent in the form of a 
monolayer. In this example, the Au layer was made as io 
thick as 400nm, which was close to the thickness of the 
silicon dioxide film. For the purpose of comparison, an 
electrostatic actuator having a beam that was not pro- 
vided with a dummy electrode in Fig. 7 was also pre- 
pared to find that the free end of the beam was bent 15 
away from the first substrate by more than 1 ^m. This 
was because the Au film formed by vapor deposition for 
the movable electrode was subjected to compression 
stress. When the beam of an electrostatic actuator ac- 
cording to the invention is bent upward, the distance be- 20 
tween the movable electrode and the drive electrode is 
enlarged so that a higher voltage is required do drive 
the beam to move by a distance comparable to that of 
displacement of the beam of an electrostatic actuator 
without such bending. The beam of an electrostatic ac- 25 
tuator with a movable electrode made of Ag and without 
a dummy electrode prepared for comparison was bent 
downward to reduce the distance between the first sub- 
strate and the free end of the beam and proved to be 
Inoperative because of the reduced gap between the 30 
substrate and the beam. Thus, any possible bending of 
the lever of an electrostatic actuator according to the 
invention that is attributable to the feet that the lever is 
made as thin as the movable electrode section can be 
effectively canceled by arranging a dummy electrode 35 
section on the upper surfece of the lever to ensure ver- 
tical symmetry for the lever. 
{0063] Referring to Fig. 60 showing a dummy elec- 
trode, it can be utilized to take out the tunnel cun-ent that 
may be generated between opposite suifeces of a spec- 40 
imeh to be observed by an-anging a probe of an electro- 
conductive material on the dummy electrode according 
to the method proposed by Spindt (C. A. Spindt, et al., 
"Physical properties of film fieW emission cathode with 
molybdenum cones", J. Appl. Phys., 47. 1976, pp. 45 
5248-5263) so that an STM probe provided with an elec- 
trostatic actuator can be prepared by removing the pho- 
toresist 106 and the adhesive layer. It is also possible 
to use the dummy electrode as a shield electrode for 
cutting off any external electric fields that can generate 50 
noise other than the noise produced by the electric fieW 
of the drive electrode by grounding the dummy elec- 
trode. While the stmcture layer of this example was pro- 
vided with a single dummy electrode and a single mov- 
able electrode, it may alternatively be provided with S5 
more than one dummy electrode and more than one 
movable electrode . 

[0064] If a structure layer is prepared after fonning a 



movable eledrode by means of a thin film depositk>n 
technique, the pattern of the drive electrode is trans- 
fen-ed to the structure layer also on the stepped areas 
of the pattern of the movable electrode. However, since 
the pattern of the beam is formed on the structure layer 
after forming the movable electrode to be ultimately ar- 
ranged on the structure layer vis-a-vis the first substrate, 
a beam can be formed from a flat structure layer regard- 
less of the stepped areas of the pattern of the movable 
ele<^rode. Additionally, since the structure layer carrying 
an electrode section is transferred onto the first sut^ 
strata in a reversed manner, the electrode section can 
be formed vis-a-vis the first substrate. 
[0065] The first substrate can be provided with a very 
flat and smooth surface by applying resin thereto re- 
gardless of the undulations produced by the drive elec- 
trode and the fixed electrodes so that the substrates can 
be firmly bonded together as a very flat adhesive surface 
is prepared for them. Additionally, as photoresist is used 
for the resin layer, a microstructure can be formed with- 
out problem if an Si substrate 30 carrying thereon inte- 
grated circuits is used for the first substrate. Since pho- 
toresist scarcely contains mobile ions, they hardly pen- 
etrate into electronic devices such as MOS transistors 
to interfere wKh the proper operatton of such devices. 
While St Is used for the substrate. It may be replaced by 
a glass substrate or a substrate of some other material 
selected from GaAs, metals and metal film. 
[0066] In the step of bonding the stmcture layer and 
movable electrode and the first substrate with an adhe- 
sive layer arranged therebetween as shown in Fig. 4G, 
a voltage of 100V may be applied to the Al of the sacri- 
ficial layer for pattern transfer 41 and the Si substrate of 
the first substrate to generate electrostatic force and the 
generated electrostatic force may be utilized to press 
the substrates against each other fi'om the back sides 
in stead of applying physical pressure to the substrates 
firom the rear side. While Al film is used for the sacrificial 
layer for pattern transfer in the above description, Ti, Ni 
or some other metal that can be bonded by anode cou- 
pling may alternatively be used in combination with an 
etchant that does not corrode the resin film and the 
structure layer to produce a similar microstructure. 
Since grooves are fonned on the bonding surfece of the 
second substrate by the pattern of the beam shown in 
Fig. 4E, any vapor of the solvent generated when the 
resin film is heat set in the step of Fig. 4G can be made 
to escape through the grooves. If no such grooves are 
fonned, bubbles of the evaporated solvent produced in 
the heat setting process can be trapped between the 
adhesive layer and the structure layer unless the con- 
centration of tfie solvent contained in the resin solutton 
to be applied to the substrate is rigorously controlled. 
This problem is eliminated by providing grooves. 
{0067] As described earlier, the resin film operates as 
an adhesive layer for bonding the first substrate and the 
structure layer and, at the same time, takes the role of 
a sacrificial layer for forrhing a microstmcture. 
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1. A method of manufacturing a microstructure com- 
prising: 

5 

a first substrate (10;30,34); 
a beam member (25;32) having a movable 
electrode (17;37) provided on the surface of 
said beam member (25;32) closer to said first 
substrate (10:30.34); and 10 
supporting means (13,13';33,33') arranged to 
support said beam member (25;32) over said 
first substrate (10;30,34) so that said movable 
electrode (17;37) is separated from said first 
substrate (10;30,34) by an air space (29;49), is 
said method comprising steps o^ 

(a) forming a structure layer, forforming the 
beam member, on a second substrate (22; 
42); 20 

(b) forming a movable electrode on said 
structure layer (23;43); 

(c) forming a beam member from said 
structure layer by removing part of said 
structure layer; 25 

(d) forming an adhesive layer (26;46) on a 
surface of said first substrate (10;30,34) 
and/or said second substrate (22;42); 

(e) joining said first substrate and said 
movable electrode via said adhesive layer 30 
(26;46); 

(0 removing said second substrate (22;42); 

(g) removing the part of said adhesive layer 
(26;46) not sandwiched between said mov- 
able electrode (17;37) and said first sub- 35 
strata (10;30,34); 

(h) forming a supporting means (13,13'; 
33,33"), said supporting means (13,13'; 
33.33') being attached to the surface of 
said first substrate (1 0;30,34) and the sur- 40 
face of said movable electrode (1 7;37) fur- 
ther from said first substrate (10;30,34); 
and 

(i) removing the remaining part of said ad- 
hesive layer (26;46) so that said movable 45 
electrode (17;37) is separated from the 
surface of said first substrate (1 0:30,34) by 

an air space (27;49). 

2. A method according to claim 1 wherein said steps so 
of forming a structure layer, forming a movable elec- 
trode and forming a beam member comprise the 
steps of: 

priorto joining said first substrate and said mov- 55 
able electrode (17) via said adhesive layer (26), 
providing said second substrate (22.23) com- 
prisit^ a first layer (22) and said structure layer 



(23); 

laminating a further layer (24) on said structure 
layer (23); 

forming said movable electrode (17) by pattern- 
ing said further layer (24); 
subsequent to joining said first substrate and 
said movable electrode (17) via said adhesive 
layer (26), 

removing said first layer (22) of said second 
substrate (22.23); and 

patterning said structure layer (23) to form said 
beam member (25). 

3. A method according to claim 1 wherein said steps 
of forming a structure layer, forming a movable elec- 
trode and forming a beam member comprise the 
steps of: 

priorto joining said first substrate and said mov- 
able electrode (37) via said adhesive layer (46). 
providing said second substrate (42) having a 
sacrificial layer (41) and said structure layer 
(43) laminated thereon; 
laminating a further layer (201) on said struc- 
ture layer (23); 

forming said movable electrode (37) and said 
beam member (32) by patterning said further 
layer (201 ) and said structure layer (43) respec- 
tively; and 

subsequent to joining said first substrate and 
said movable electrode (37) via said adhesive 
layer (46), 

removing said sacrificial layer (41) with said 
second substrate (42). 

4. A method according to any preceding claim further 
comprising the step of: 

prior to forming an adhesive layer (26;46) on 
the surface of said first substrate (10;30.34), 
forming a stationary electrode (15;35) on said 
surface of said first substrate (1 0;30,34). 

wherein said movable electrode (17;37) is 
bonded to said adhesive layer (26;46) opposite to 
said sfationary electrode (15;35). 

5. A method in accordance with any preceding claim 
further comprising the step of forming a dummy 
electrode (39) on the surface of said beam member 
(32) further from said first substrate ^,34). 

6. A method in accordance with any preceding daim. 
further comprising the step of: 

priorto fbnning said supporting means (33,33'), 
forming a contact hole (36) In said beam mem- 
ber (32), wherein said supporting member 
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(33,33') is formed so as to be attached to the 
surface of said movable electrode (37) further 
from said first substrate (1 0;30,34) through said 
contact hole (35). 

5 

7. A method in accordance with claim 6 wherein said 
supporting means (33,33') is formed to also be at- 
tached to the surfoce of said beam member (32) fur- 
ther firom said first substrate (30,34). 

10 

8. A method in accordance with any preceding claim 
wherein said supporting means (13,13';33,33') is 
formed by the steps of: 

forming a material layer (27,47), for forming the *5 
supporting means (13,1 3';33,33') on the whole 
of the surfece of said first substrate (1 0;30,34), 
the movable electrode (17;37) and the beam 
member (25;32); and 

removing part of said material layer (27,47) to 20 
form said supporting member (13,13';33,33'). 

9. A method in accordance with any preceding daim 
wherein the remaining part of said adiiesive layer 
(26;46) is removed by dry etching. 25 

10. A method in accordance with any preceding claim 
wherein said adhesive layer (26;46) comprises a 
photoresist. 

30 

11. A method in accordance with any preceding daim 
wherein said first siibstrate (10;30,34) comprises 
an SOI substrate. 

12. A method in accordance with any preceding daim 3S 
wherein said supporting means (13,13';33,33') 
comprises a metal thin film. 



PatentansprOche 40 

1. Verfehren zur Herstellung einier Mii<rostrul<tur mit 
einem ersten Substrat (10; 30, 34); 
einem TrSgerelement (25, 32) mit einer be- 
weglichen Elel<trode (17; 37), die auf der dem er- 45 
sten Substrat (10; 30, 34) zugewandten OberflSche 
des Tragerelementes (25; 32) bereitgestellt isl; und 
einer Halteinrichtung (13, 13"; 33, 33"), die 
zum Halten des Tragerelementes (25; 32) Qberdem 
ersten Substrat (10; 30, 34) angeordnet, so dass so 
die bewegiiche Elektrode (17; 37) von dem ersterr 
Substrat (10; 30, 34) durch einen Luflspalt (29; 49) 
getrennt ist, das Ver^hren 1st dabei versehen mit 
den Schritten: 

55 

(a) Ausbilden einer Strukturschicht zum Ausbit- 
den des Tragerelementes auf einem zweiten 
Substrat (22; 42); 



(b) Ausbilden einer beweglichert Elektrode auf 
der Strukturschicht (23; 43); 

(c) Ausbilden eines Tragerelementes aus der 
Strukturschicht durch Entfernen eines Teijs der 
Strukturschicht; 

(d) Ausbilden einer Haflschicht (26; 46) auf ei- 
ner Oberfiache des ersten Substrates (10; 30, 
34) und/oder des zweiten Substrates (22; 42); 

(e) Verbinden des ersten Substrates und der 
beweglichen Elektrode Qber die Haftschicht 
(26; 46); 

(0 Entfernen des zweiten Substrates (22; 42); 

(g) Entfernen des Teils der Haftschicht (26; 46), 
der nicht zwischen der beweglichen Elektrode 
(17; 37) und dem ersten Substrat (10; 30, 34) 

(h) Ausbilden einer Halteeinrichtung (13, 13*; 
33. 33*), wobei die Halteinrichtung (13, 13'; 33, 
33') an die Oberfiache des ersten Substrates 
(1 0; 30, 34) und an die dem ersteti Substrat (1 0; 
30, 34) abgewandte Oberfldche der bewegli- 
chen Elektrode (17; 37) angebracht ist; und 

(i) Entfemesn des verisleibenden Teils der 
Haflschicht (26; 46), so dass die bewegiiche 
Elektrode (17; 37) von der OberflSche des er- 
sten Substrats (1 0; 30, 34) durch eine LuftlQcke 
(27; 49) getrennt ist. 

2. VerfahrennachAnspruchI, wobei die Schritte zum 
Ausbilden einer Strukturschicht, zum AusbiMen ei- 
ner beweglichen Elektrode sowie zum Ausbilden ei- 
nes Tragerelementes versehen sind mit den Schrit- 
ten: 

vor dem Verbinden des ersteri Substrates und 
der beweglichen Elektrode (17) Qber die 
Haflschicht (26), 

Bereitstellen des zweiten Substrates (22, 23) 
mit einer ersten Schicht (22) und der Struktur- 
schfcht (23); 

Schichten einer weiteren Schicht (24) auf der 
Strukturschicht (23); 

Ausbilden der beweglichen Elektrode (17) 
durch Stmkturieren der weiteren Schicht (24); 
nach dem Verbinden des ersten Substrates 
und der beweglichen Elektrode (17) Qber die 
Haftschicht (26), 

Entfernen der ersten Schicht (22) des zweiten 
Substrates (22, 23); und 
Strukturieren der Strukturschicht (23) zum Aus- 
bilden des Tragerelementes (25). 

3. Nferfahren nach Anspruch 1 , wobei die Schritte zum 
Ausbilden einer Strukturschicht, zum Ai^lden ei- 
ner beweglichen Elektrode und zum Ausbilden ei- 
nes Tragerelementes versehen sind mil den Schrit- 
ten: 
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vor dem Verbinden des ersten Substrates und 
der beweglichen Elektrode (37) Qber die 
Haftschicht (46), 

Bereitstellen des zweiten Substrates (4^ mit 
einer Opferschicht (41) und der darauf ge- 5 
schichteten Strukturschicht (43); 
Schichten einer weiteren Schidit (201) auf der 
Struldurscliicht (23); 

Ausbilden der beweglichen Elelctrode (37) und 
des Tragerelementes (32) durch Strukturierung 10 
der weiteren Sciiicht (201) bzw. der Struktur- 
sctiicht (43); und 

nach dem Verbinden des ersten Substrates 
und der beweglfeiien Elektrode (37) Qber die 
Haftschiclit (46), is 
Entfemen der Opfersciiiclit (41) mit dem zwei- 
ten Substrat (42). 



4. Verfahren nach einem der vorstehenden AnsprQ- 
che, zudem mit dem Schritt: 20 



. wobei die bewegliche Elektrode (17; 37) mit 
der Haftschicht (26; 46) gegenUber der stationSren 30 
Elektrode (15; 35) verbunden ist. 

6. Verfahren nach einem der vorstehenden AnsprQ- 
che, zudem mit dem Schritt des Ausbildens einer 
Scheinelektrode (39) auf der dem ersten Substrat 35 
(30, 34) abgewandten Oberfiache des Tragerele- 
mentes (32). 

6. \/etMtten nach einem der vorstehenden AmsprQ- 
che, zudem mil dem Schritt: ■« 

vor dem Ausbilden der Halteeinrlchtung (33, 
33'). 

Ausbilden eines Kontaktlochs (36) in dem TrS- 
gerelement (32), wobei die Halteeinrichtung 4S 
(33, 33*) so ausgebndet ist, dass sie an der dem 
ersten Substrat (10; 30, 34) abgewandten 
OberflSche der beweglichen Elektrode (37) 
durch das Kontaklloch (35) angebracht ist. 

50 

7. Verfahren nach Anspruch 6, wobei die Halteeinrich- 
tung (33, 33*) so ausgebildet ist, dass sie ebenfalls 
an der dem ersten Substrat (30, 34) abgewandten 
Oberfldche des Tragerelementes (32) angebracht 

ist. 55 

8. Verfahren nach einem der vorstehenden AnsprO- 
che, wobei die Halteeinrichtung (13, 13", 33, 33') 



ausgebildet ist durch die Schritte: 

Ausbilden einer Materia Ischichl (27, 47) zum 
Ausbilden der Halteeinrichtung (1 3, 1 3'; 33. 33') 
auif der gesamten Oberfiache des ersten Sub- 
strates (10; 30, 34), der beweglichen Elektrode 
(1 7; 37) unddes Tragerelementes (25; 32); und 
Entfemen eInes Tells der Materialschfeht (27, 
47) zum Ausbilden der Halteeinrichtung (13, 
13"; 33. 33-). 

9. Verfahren nach einem der vorstehenden Anspru- 
che, wobei der verbleibende Teil der Haftschicht 
(26; 46) duich IVockenatzen entfemt wird. 

10. XAsr^hren nach einem der vorstehenden AnsprQ- 
che, wobei die Haflschtehl (26; 46) einen Fotore- 
sistlack umfasst. 

11. Verfehren nach einem der vorstehenden AnsprO- 
che. wobei das erste Substrat (10;. 30, 34) ein 
SOI-Substratumfasst. 

12. Verfahren nach einem der vorstehenden AnsprO- 
che, wobei die Halteeinrichtung (13, 13'; 33, 33') ei- 
ne IMetaildOnnschicht umfessL 



Revendlcatlons 

1. Proc6d6 de fabrication d'une microstructure com- 
portant: 

un premier substrat (10; 30; 34); 
un 6l6ment a ^isceau (25; 32) ayant une Elec- 
trode mobile (17; 37) situ6e sur la surface dudit 
Element a feisceau (25; 32) plus proche dudit 
premier substrat (1 0; 30, 34); et 
des moyens de support (13,13'; 33, 33') agen- 
ces de fa9on a supporter ledit element a fais- 
ceau (25; 32) au-dessus dudit premier substrat 
(1 0; 30, 34) afin que ladlte electrode mobile (1 7; 
37) soit sdparee dudit premier substrat (10; 30, 
34) par un espace d'air (29; 49), ledit procid§ 
comprenant les ^apes dans lesquelles: 

(a) on fomne une couche de structure, pour 
former 1'6lement a faisceau, sur un second 
substrat (22; 42); 

(b) on forme une Electrode mobile sur ladi- 
te couche de structure (23; 43); 

(c) on forme un ElEment a feisceau a partir 
de ladite couche de stmcture en enlevant 
une partie de ladite couche de structure; 

(d) on forme une couche d'adhEsif (26; 46) 
sur une surface dudit premier substrat (1 0; 
30. 34) et/ou dudit second substrat (22; 
42); 



vor dem Ausbikien einer Haftschicht (26; 46) 
auf der Oberfiache des ersten Substrates (10; 
30,34), 

Ausbilden einer stationaren Elektrode (15; 35) 2S 
auf der Oberfiache des ersten Substrates (10; 
30, 34), 
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(e) on r6unit ledit premier substrat etiad'ite 
Electrode mobile par I'interm^diaire de ia- 
dite couche d'adhesif.<26; 46); 

(f) on enleve ledit second substrat (22; 42); 

(g) on enleve la partie de ladite couche 5 
d'adhes'rf (26; 46) non prise entre ladite 
Electrode mobile (17; 37) et ledit premier 
substrat (10; 30, 34); 

<li) on forme un moyen de support (13, 13'; 
33. 33'), ledit moyen de support (13, 13*; io 
33, 33') etant attach^ it ladite surface dudit 
premier substrat (10; 30, 34) et d la surface 
de ladite Electrode mobile (17; 37) plus 
6loignte dudit premier substrat (10; 30, 
34); et IS 
(i) on enl6ve la partie restante de ladite 
couche d'adhSsif (26; 46) afin que ladite 
Electrode mobile (17; 37) soil separee de 
la surface dudit premier substrat (10; 30, 
34)parunespaced'air(27;49). 20 

2. Proc6d6 selon la revendication 1 , dans lequel les- 
dites itapes de formation d'une couche de structu- 
re, de formation diune Electrode inobile et de for- 
mation d'un element i feisceau comprennent les 25 
§tapes dans lesquelles: 

avant de rSunir ledit premier substrat et ladite 
Electrode mobile (17) par l'intermi§diaire de la- 
dite couche d'adhisif (26); 30 
on se procure ledK second substrat (22, 23) 
comportant une premiere couche (22) et ladite 
couche de structure (23) ; 
on stratifie une autre couche (24) sur ladite cou- 
che de structure (23); 35 
on forme ladite Electrode mobile (17) en sou- 
mettant ladite autre couche (24) d la formation 
d'un motif; 

aprfes la reunion dudit premier substrat et de 
ladite Electrode mobile (17) par rintemi^dialre 40 
de ladite couche d'adhesif (26). 
on enleve ladite premiere couche (22) dudit se- 
cond substrat (22, 23); et 
on soumet a la fonnation d'un motif ladite cou- 
che de structure (23) pour former ledit 6l6ment « 
k feisceau (25). 

3. Precede selon la revendication 1 . dans lequel les- 
dites elapes de formation d'une couche de structu- 
re, de formation d'une electrode mobile et de for- so 
mation d'un 6l6ment d faisceau comprennent les 
§tapes dans lesquelles: 

avant de riunir ledit premier substrat et ladite 
Electrode mobile (37) par I'interm^diaire de la- ss 
dite couche d'adhesif (4^, 
on se procure ledit second substrat (42) ayant 
une couche sacrifidelle (41 ) et ladite couche de 



structure (43) stratifides sur lui; 
on stratifie une autre couche (201) sur ladite 
couche de structure (23) ; 
on forme ladite electrode mobile (37) et ledit 
Element & faisceau (32) en soumettant ladite 
autre couche (201) et ladite couche de structu- 
re (43), respecBvement, d la fbmiation d'un mo- 
tif; et 

apr§s avoir r§uni ledit premier substrat et ladite 
electrode mobile (37) par I'intermSdiaire de la- 
dite couche d'adhesif (46), 
on enleve ladite couche sacrificielle (41) avec 
ledit second substrat (42). 

4. ProcSdd selon I'unequelconquedesrevendications 
pr6c6dentes, comprenant en outre I'Stape dans la- 
quelle: 

avant la formation d'une couche d'adhesif (26; 
' 46) sur la surface dudit premier substrat (10; 
30.34), 

on forme une Electrode fixe (15; 35) sur ladite 
surface dudit premier substrat (1 0; 30, 34), 

dans lequel ladite Electrode mobile (17; 37) 
est liSe ^ ladite couche d'adhesif (26; 46) en oppd- 
sition d ladite Electrode fixe (15; 35). 

5. Proc6d6 selon t'une quelconque des revendications 
prScMentes, comprenant en outre I'Stape de for- 
mation d'une Electrode fidive (39) sur la surface du- 
d» ilSment k faisceau (32) davantage 6bign6e du- 
dit premier substrat (30, 34). 

6. Proc§d6 selon I'une quelconque des revendications 
pr^^dentes, comprenant en outre I'^tape dans la^ 
quelle: 

avant de former ledit moyen de support (33, 
33'), 

on forme un trou de contact (36) dans ledit ele- 
ment a faisceau (32), ledit 6l6ment de support 
(33, 33') etant forme de fagon a etre attache a 
la surface de ladite Electrode mobile (37) da- 
vanfage iloignte dudit premier substrat (10; 
30, 34) h travers ledit trou de confact (35). 

7. Proced^ selon la revendication 6, dans lequel ledit 
moyen de support (33. 33') est forme de fa9on a 
etre egalement attach6 d la surface dudit element 
A faisceau (32) davantage eloignee dudit premier 
substrat (30, 34). 

8. Proc6d§ selon I'une quelconque des revendications 
pr£c6dentes, dans' lequel ledit moyen de support 
(13, 13'; 33, 33') est fbrmg par les Stapes dans les- 
quelles: 
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on forme une couche de matfere (27, 47), pour 
la formation du moyen de support (13, 13*; 33, 
33') sur la totalite de la surface dudit premier 
substrat (10; 30, 34). de Telectrode mobile (17; 
37) et de I'6l6ment a faisceau (25; 32); et 6 
on enlfeve une partie de ladite couche de ma- 
tiere (27, 47) pour former ledit element de sup- 
port (13, 13'; 33, 33"). 

9. Procedeselonl'unequelconquedesrevendications io 
pr^c^dentes, dans lequel la partie restantede ladite 
couche d"adh6sif (26; 46) est enlevte par attaque 
chimique a sec. 

10. Proc6d6selonrunequelconquedesrevendications is 
pr6c6dentes. dans lequel ladfte couche d'adh6slf 
(26; 46) comprend un photoresist. 

1 1 . Proc6d6 selon I'une quelconque des revendications 
pr6c6dentes, dans lequel ledit premier substrat (10; 20 
30, 34) comprend un substrat du type SOI. 

12. Proc6d6 selon I'une quelconque des revendications 
pr6c6dentes, dans lequel ledit moyen de support 
(13, 13'; 33, 33") comporte un film mince m^taliique. 25 
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